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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an IS structure 
having a crystalline oxide dielectric layer having little 
leak current, a high breakdown voltage, and a sufficiently 
long life with the elapse of time against the breakdown 
voltage, that is, a composite structure of a crystalline 
oxide dielectric thin film and a single crystal silicon 
substrate. 

SOLUTION: In a composite structure in which a 
crystalline oxide dielectric thin film 2 is grown on a single 
crystal silicon semiconductor substrate 1, the crystalline 
oxide dielectric thin film 2 is formed by a thin film (single 
film or stacked layer made of, for example, stabilized 
zirconia, cerium oxide, strontium titanate, magnesium 
oxide, or yttrium oxide) to which a heat treatment is 
performed in an active oxygen atmosphere after the 
growth. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The composite-construction object of the crystalline oxide dielectric thin film and single- 
crystal-silicon base which are characterized by the aforementioned crystalline oxide dielectric thin film 
being a thin film by which it was heat-treated in active oxygen atmosphere after growth in the 
composite-construction object which grew up the crystalline oxide dielectric thin film into the single- 
crystal-silicon semiconductor base. 

[Claim 2] The electronic device to which the aforementioned composite-construction object is 
characterized by being the thin film by which it was heat-treated once [ at least ] in active oxygen 
atmosphere by the time it completed electronic device structure after the formation in the electronic 
device which includes the composite-construction object into which the crystalline oxide dielectric thin 
film was grown up in a single-crystal-silicon semiconductor base. 

[Claim 3] The composite-construction object according to claim 1 with which the aforementioned 
crystalline oxide dielectric thin film is characterized by being the single crystal film which carried out 
hetero-epitaxial growth at the aforementioned single-crystal-silicon base, or an electronic device 
according to claim 2. 

[Claim 4] A composite-construction object or an electronic device given in any of the claim 1 
characterized by the bird clapper, or a claim 3 they are from the multilayer in which the aforementioned 
crystalline oxide dielectric thin film was formed of the laminating of two or more material. 
[Claim 5] A composite-construction object or an electronic device given in any of the claim 1 
characterized by being the monolayer or cascade screen from which the aforementioned crystalline 
oxide dielectric thin film was constituted by one or more material chosen from a stabilized zirconia, the 
cerium oxide, the strontium titanate, the magnesium oxide, and the yttrium oxide, or a claim 4 they are. 
[Claim 6] The above-mentioned electronic device carries out the laminating of a cry stalline oxide 
dielectric thin film (I), a ferroelectric thin film (F), and the metal-electrode film (M) to a part of single- 
crystal-silicon semiconductor base (S) at order. It is the MFIS transistor of the agenesis section of this 
cascade screen which prepared the source electrode and the drain electrode in part at least. An electronic 
device given in any of the claim 2 characterized by this crystalline oxide thin film being a thin film by 
which it was heat-treated once [ at least ] in active oxygen atmosphere after growth or ferroelectric thin 
film growth, or a claim 5 they are. 

[Claim 7] The above-mentioned electronic device is an electronic device given in any of the claim 2 
characterized by being the SOI substrate which grew epitaxially one or more crystalline oxide dielectric 
thin films (I) and single-crystal-silicon films on the single-crystal-silicon semiconductor base (S), and 
this crystalline oxide thin film being a thin film by which it was heat-treated once [ at least ] in active 
oxygen atmosphere after the growth, or a claim 5 they are. 

[Claim 8] How to heat-treat under the UV irradiation in which heat treatment in the aforementioned 
active oxygen atmosphere contains the wavelength of less than 190nm while supplying oxygen, The 
method of heat-treating, while supplying ozone, the method of heat-treating under oxygen plasma, A 
composite-construction object given in any of the claim 1 characterized by being attained by the method 
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of overlapping when it differs, and performing the method of any one **, the method of performing 
simultaneously combining two or more methods, or two methods or more, or a claim 7 they are, or the 
manufacture method of an electronic device. 

[Claim 9] A composite-construction object given in any of the claim 1 characterized by carrying out heat 
treatment in the aforementioned active oxygen atmosphere immediately after crystalline oxide dielectric 
thin film formation, or a claim 8 they are, or the manufacture method of an electronic device. 
[Claim 10] The manufacture method of an electronic device given in any of the claim 2 characterized by 
being given after heat treatment in the aforementioned active oxygen atmosphere forms a crystalline 
oxide dielectric thin film and forms at least one of a conductive oxide or an oxide-semiconductor film, 
an oxides-superconductors film, and the oxide ferroelectric films on this crystalline oxide dielectric thin 
film, or a claim 8 they are. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of 
these structures or an electronic device at the composite-construction object of the very few crystalline 
oxide dielectric thin film of a leakage current, and a single-crystal-silicon (Si) substrate, the structure of 
the electronic device using this, and a row. In addition, the crystalline dielectric thin film said here shall 
mean the dielectric thin film which carried out priority orientation in the single crystal or the specific 
direction. 
[0002] 

[Description of the Prior Art] Generally the single crystal film has the feature that many physical 
properties flat in crystal structure and peculiar to the material, such as eye a uniform hatchet, 
conductivity, a dielectric, insulation, a ferroelectricity, superconductivity nature, a semiconductor 
property, light-transmission nature, optical magnetic properties, and crystal periodicity, appear keenly 
strongly, compared with the amorphous film or the polycrystal film. Therefore, it is useful in various 
industrial fields, and the realization is desired strongly. In recent years, these single crystal film is loaded 
into Si semiconductor device or an integrated circuit, and the attempt which is going to realize the high 
integrated circuit and high smart device of the added value which cannot be attained only with the 
conventional Si system material is performed actively, and is come and required. Basic structure 
indispensable when such a new Si semiconductor device is constituted is the composite-construction 
object (the following information-separator structure and abbreviated name) of a crystalline dielectric 
thin film (I) and a single crystal Si (S). 

[0003] When an example is given, there is a MFIS type nonvolatile random access memory cell as 
shown in the typical structure section view of drawing 8 . This cell replaces O portion of an MOS 
transistor which consists of a (Metal M)-silicon-oxide (O)-semiconductor (S) by the single crystal 
ferroelectric film (F) which has electrically the spontaneous polarization which can be reversed, and the 
single crystal dielectric film (I). 

[0004] In drawing 8 , it is the single crystal oxide dielectric film (I) by which 101 was carried out at the 
single crystal Si substrate of a p type field (100), and hetero-epitaxial growth of 102 was carried out on 
the Si substrate 101, for example, (100) is the YSZ film of a field. 103 is the ferroelectric film by which 
hetero-epitaxial growth was carried out on the single crystal oxide dielectric film 102, for example, 
(001) is PbTi03 film of a field. 104 is the gate electrode formed on the ferroelectric film 103, for 
example, is Pt electrode. 105 and 106 are n type source electrodes and drain electrodes, they carry out 
the ion implantation of P (Lynn) or the As (arsenic), respectively, make it activated by thermal diffusion, 
and are formed. 

[0005] By this memory, information is recorded by impressing a positive or negative pulse voltage 
between gate (electrode G)-Si substrates (Sub), carrying out reversal fixation of the spontaneous- 
polarization vector of a ferroelectric film, and making a transistor into a flow or non-switch-on. 
[0006] Moreover, as the above-mentioned ferroelectric layer, PbTi03 (lead titanate) film formed by the 
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chemical vapor growth (CVD), the magnetron sputtering method, etc., Pb(Zrx, Ti 1-x) 03 (zircon lead 
titanate) film, 30Bi4Til2 (titanic-acid bismuth) film, etc. are examined (all are polarization shaft 
orientation single crystal films). 

[0007] Moreover, as the above-mentioned single crystal dielectric layer, Ce02 (cerium oxide) film 
formed by the electron-beam-evaporation method or CVD, a YSZ (ITTORIYA stabilization 
JIRUKONIYA) film, SrTi03 (strontium titanate) film, etc. are examined. These single crystal dielectric 
films are bearing a role of a buffer coat which prevents that function as a template layer for forming a 
single crystal ferroelectric film, and also Si substrate carries out counter diffusion to a ferroelectric. 
[0008] Moreover, MFMIS structure is also proposed by the nonvolatile random access memory cell 
besides the above-mentioned MFIS structure. Single crystal F layer and M layers inserted between I 
layers of single crystals are here, the electric conduction films, for example, Pt film etc., of a single 
crystal etc. information-separator structure is used for the lower part of MFM structure also in this case. 
[0009] Next, the MOS transistor of the SOI structure shown in the typical structure section view of 
drawing 9 is also the important application of information-separator structure. The MOS transistor of 
this structure has the feature which should be mentioned especially that it can escape from a very 
detrimental latch up completely on operation. 

[0010] In drawing 9 , they are single crystal dielectric films, such as Ce02 by which hetero-epitaxial 
growth was carried out by 1 1 1 touching Si substrate of a field (1 00) and 1 12 touching this Si substrate 
111, YSZ, and SrTi03. This Si substrate 1 1 1 and the single crystal dielectric film 1 12 have constituted 
information-separator structure. The single crystal Si layer of the p type field (100) where hetero- 
epitaxial growth of 1 13 was carried out by CVD on the single crystal dielectric film 1 12, the Si02 gate 
oxide film in which 1 14 was formed by thermal oxidation of the single crystal Si layer 113, and 1 15 are 
the gate electrodes of contest polysilicon formed by CVD and dry etching on the gate oxide film 1 14 
116 and 117 are the source electrodes and drain electrodes of N type, they carry out the ion implantation 
of P (Lynn) or the As (arsenic), respectively, make it activated by thermal diffusion, and are formed. 
[001 1] Moreover, the oxide high-temperature superconductivity thin film wiring tried aiming at high 
speed processing of an integrated circuit also forms quality single crystal superconductor film (for 
example, YBa2Cu 307) wiring on information-separator structure. As I layers, YSZ and the single 
crystal cascade screen of Y203 are used, for example. 

[0012] Thus, it is understood that information-separator structure is the important basic structure for 
realizing various devices containing the functional thin film (a ferroelectric film, a semiconductor film, 
an electric conduction film, a superconductivity film, dielectric film) of a single crystal on a single 
crystal Si substrate. However, in the present condition, the problem that a low and (3) passage-of-time 
destructive (TDDB) life have short (2) disruptive strengths with large (1) leakage current is in I layers of 
single crystal oxide dielectric thin films, and it has been a serious obstacle at realization of the above 
highly efficient devices. 

[0013] The above-mentioned problem is explained in detail based on actual data. Drawing 7 is the 
leakage-current property view of a crystalline oxide dielectric thin film. It is that a characteristic curve 
(a) indicates the example of a property of the conventional single crystal YSZ film to be in drawing 7 . 
On the YSZ film of the field (100) which grew epitaxially Si substrate of an N type single crystal (100) 
side Leakage-current density J [A/cm2] which impressed and measured positive voltage to the gate 
electrode of the MIS capacity which formed and produced aluminum electrode (gate) of a diameter 200 
[mum] is shown as a function of field strength Eox [V/cm]. In addition, in order to remove an absorption 
current component, measurement of current is performed, after carrying out voltage impression and time 
passes enough. Moreover, thickness is 40 [nm] and the forming-membranes method is an electron- 
beam-evaporation method here. The forming-membranes methods (vacuum evaporationo conditions 
etc.) are later mentioned in the example of this invention in the cleaning-method row of a substrate. 
[0014] The leakage current of the single crystal YSZ film of the conventional example is in a very high 
level so that the characteristic curve (a) of drawing 7 may be seen and may be known. Considering 
practical use, I want to suppress leakage-current density below to J= 1 [nA/cm2] at the time of field 
strength Eox=l[MV/cm]. However, in the above-mentioned conventional example, this and the value 
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which was greatly different widely are indicated to be the bases of J= 100 [muA/cm2]. Moreover, the 
current jump of A points in the characteristic curve (a) of drawing 7 shows that the YSZ film is carrying 
out dielectric breakdown on this voltage (Eox**1.5[MV/cm]). In order to apply to the above-mentioned 
MFIS nonvolatile memory cell etc., it is the value which cannot be said that this insulating disruptive 
strength is enough. 

[0015] It is indispensable conditions that there is long-term dielectric-breakdown (TDDB) resistance 
over power supply stress in I more layers. This resistance measures and evaluates the amount Qbd of net 
charge [C/cm2] which passed the film by the time it generally gave and carried out dielectric breakdown 
of the constant-current stress to the dielectric film. The typical TDDB life when giving the constant- 
current stress of J= 0.1 [mA/cm2] to the above-mentioned single crystal YSZ film was Qbd=1.2 
[mC/cm2], respectively. This value is a low comparable, if it compares with typical value Qbd- 10 
[C/cm2] of thermal oxidation Si02 film used as gate oxide films, such as an MOS transistor. In order for 
power supply stress to apply a YSZ film to a comparatively strong MFIS nonvolatile memory cell etc., 
the TDDB life of the base of at least 0.1 [C/cm2] is required. 

[0016] Such a problem of I layers in information-separator structure is not having restricted to the single 
crystal YSZ film formed by the electron-beam-evaporation method, but is a problem by which the YSZ 
film produced by other single crystal oxide dielectric-materials film and other forming-membranes 
methods is also observed in common. 
[0017] 

[Problem(s) to be Solved by the Invention] It is made in order that this invention may solve the trouble 
of the crystalline dielectric film (I layers) of the device which used such the conventional information- 
separator structure and this, and there are few leakage currents, dielectric-breakdown pressure-proofing 
is high, and the with-time dielectric-breakdown life aims at realizing a composite-construction object, 
the electronic devices using it, and those manufacture methods with information-separator structure, i.e., 
a crystalline oxide dielectric thin film, of having a crystalline, sufficiently long oxide dielectric layer, 
and a single-crystal-silicon base. 
[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as information- 
separator composite-construction object, the electronic devices using this, and those manufacture 
methods were indicated to each patent claim, it constituted in this invention. That is, in invention 
according to claim 1, 1 layers presupposed that it is the crystalline oxide dielectric thin film which heat- 
treated in active oxygen atmosphere after growth in information-separator composite-construction object 
which grew up the crystalline oxide dielectric thin film into the single-crystal-silicon semiconductor 
base. 

[0019] In the electronic device built on this in the claim 2 including information-separator composite- 
construction object, I layers presupposed similarly that it is the crystalline oxide dielectric thin film by 
which it was heat-treated in active oxygen atmosphere by the time it completed the electronic device 
after growth (active oxygen annealing is called below). 

[0020] Claims 3-5 show the concrete mode of a claim 1 or a claim 2. That is, in a claim 3, it constitutes 
from a single crystal film which made the single-crystal-silicon base carry out hetero-epitaxial growth of 
the crystalline oxide dielectric thin film. Moreover, in a claim 4, the multilayer formed of the laminating 
of two or more oxide dielectric films constitutes the aforementioned crystalline oxide dielectric thin 
film. Moreover, it is supposed that it is the monolayer or laminating bipolar membrane as which the 
crystalline oxide dielectric thin film was chosen from a stabilized zirconia, the cerium oxide, the 
strontium titanate, the magnesium oxide, and the yttrium oxide in the claim 5. 

[0021] Moreover, a claim 6 and a claim 7 show the concrete mode of an electronic device, and a claim 6 
shows the case where the electronic device of a claim 7 is a SOI (Silicon On Insulater) substrate, when 
an electronic device is a MFIS transistor (MFIS type nonvolatile random access memory cell). 
[0022] A claim 8 is a composite-construction object given in the aforementioned claim, or the 
manufacture method of an electronic device, and is in a manufacturing process, furthermore, active 
oxygen annealing of a crystalline oxide dielectric thin film How to heat-treat under the UV irradiation 
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which contains the wavelength of less than 190nm while supplying oxygen, The method of heat- 
treating, while supplying ozone, the method of heat-treating under oxygen plasma, The method of any 
one * , or the method of performing simultaneously combining two or more methods (for example, it 
heat-treats, supplying ozone under UV irradiation), Or it is attained by the method (the following 
method is performed after performing one method) of overlapping when it differs, and performing two 
or more methods. In addition, the range which has the capacity which decomposes oxygen and is made 
into active oxygen is meant in the wavelength of less than 190nm of the above-mentioned ultraviolet 
rays. 

[0023] Moreover, a claim 9 is one mode of the manufacture method, and heat treatment in active oxygen 
atmosphere is carried out immediately after crystalline oxide dielectric thin film formation. Moreover, a 
claim 10 is one mode of the manufacture method of the aforementioned electronic device, and after heat 
treatment in active oxygen atmosphere forms a crystalline oxide dielectric thin film and forms at least 
one of a conductive oxide or an oxide- semiconductor film, an oxides-superconductors film, and the 
oxide ferroelectric films on this crystalline oxide dielectric thin film, it is given. 

[0024] Hereafter, an operation is explained. First, the mechanism of the leakage current of the crystalline 
oxide thin film formed on the single crystal Si substrate is explained. According to the place which this 
invention person studied wholeheartedly and was clarified, the metal Si element of the oxygen vacancy 
inside the crystal grain of (1) oxide, the metallic element void inside (2) crystal grain, the energy level of 
(3) grain-boundary side, and (4) crystal-grain gap etc. is one of the causes of the leakage current of a 
crystalline oxide thin film, and a different (separation is impossible) leakage current based on each cause 
flows. The above-mentioned cause (1) and (2) are the so-called point defects from which the atom which 
should be in the lattice point of a crystal escapes probable. If a metallic element falls out, it will escape 
also from the oxygen atom combined with this in many cases together, and it will serve as a metal- 
oxygen void. An electron can move now easily between level and these point defects will cause the so- 
called hopping conduction, if electronic level is formed in the forbidden band of an oxide and this 
density becomes more than fixed. An amorphous film is also often observed and such a point defect 
causes a leakage current too. 

[0025] The above-mentioned cause (1) and (2) are the causes peculiar to a crystalline oxide film about 
the leakage current to which a cause (3) and (4) flow a grain-boundary side to having been the cause of 
the leakage current which flows the inside of a grain boundary. Although an impression with strange 
"grain boundary" may be received in the crystalline oxide thin film which is growing epitaxially to the 
single crystal Si here, when this makes a single crystal Si carry out hetero-epitaxial growth of the 
dissimilar material from which a lattice constant is delicately different, in order to open the stacking- 
fault stress of a hetero side, it is the grain boundary produced inevitably, and the grain-boundary side is 
perpendicularly prolonged in the growth side. In this grain-boundary side, a crystal period is interrupted 
and many things which have not carried out a chemical bond exist in the atom which exists in a grain- 
boundary side. The above-mentioned cause (3) is the electronic level formed in the interior of a 
crystalline oxide forbidden band as a result in which these uncombined atoms exist. If electronic level 
becomes high concentration, a band will be formed and a leakage current will be increased. A cause (4) 
is the metal Si atom which invaded from Si substrate at the time of membrane formation of a crystalline 
oxide thin film, and segregated to the grain boundary. Since there is an opening about a 1 - number 
atomic layer in the grain boundary, the trap of the Si which has invaded from the substrate at the time of 
growth under reduced pressure (under hypoxia concentration) is carried out to a grain-boundary gap 
with a metal state (or low valence state). Naturally Si segregated to the grain boundary becomes the 
electric conduction path of a leakage current. 

[0026] or this invention solves the conventional problem containing a leakage current how in the place 
which finished explaining the mechanism of generating of a leakage current (operation) ._********__ ft 
explains According to this invention persons latest research result, it is thought that reduction of the 
leakage current by this invention takes place based on the following mechanisms. At active oxygen 
annealing of this invention, active oxygen, such as reactant high O (ID), and 02 (ldeltag), O (3P), heat- 
treats comparatively a crystalline oxide thin film / single crystal Si structure at low temperature by the 
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atmosphere abundantly generated in the gaseous phase. At this time, active oxygen is diffused the inner 
direction toward Si substrate. A part of active oxygen encounters the oxygen vacancy of a cause (1), it 
extinguishes a vacancy (restoration), and is stabilized. Moreover, toward a grain boundary, a part of 
other active oxygen is diffused along with a grain boundary, and it oxidizes, sets to Si02 the metal-like 
silicon which is carrying out the segregation to the grain boundary, and fills the grain-boundary gap 
section in Si02 network. The metal Si of a cause (4) is removed by this. In addition, the above- 
mentioned heat treatment temperature is made into the range from ordinary temperature to about about 
500 degrees C, and its about 200-500 degrees C are especially desirable. The reason is because active 
oxygen changes to usual oxygen at the elevated temperature of 500 degrees C or more and annealing 
time becomes long below 200 degrees C. 

[0027] Furthermore, the uncombined hand atom M which existed in the grain boundary side is process 
in which Si02 network is formed in a grain-boundary gap, accomplishes approaching Si and M-O-Si 
combination, and cancels the uncombined hand. A cause (3) is canceled by this. The remaining active 
oxygen is diffused to a single crystal Si substrate, and grows up a very thin Si02 </SUB> film into a 
crystalline oxide thin film / Si interface. Although growth of Si02 is generally accompanied by 
expansion of volume, since it is difficult to overcome compressive stress like the usual thermal 
oxidation, and to grow up, by active oxygen annealing, some Si elements are emitted into an oxide film 
and oxidization by the interface advances at active oxygen annealing whose heat treatment temperature' 
is low temperature, pressing down expansion of volume. Si atom emitted here encounters a metal- 
oxygen void in the process which carries out an out diffusion, and is captured in a metal atom position 
On the other hand, at this time, from the gaseous phase, active oxygen is spread the inner direction it 
enters m the middle of two or more metals of an oxide and Si atom which it is possible to encounter Si 
atom captured by the void, and approach a void, and M-O-Si combination is completed. In this way the 
metal-oxygen void of a cause (2) is filled up by the Si-Ox (x=4-5) atomic group, and disappears In ' 
addition, a large majority of Si atoms which were not captured by the void deposit on the front face of 
an oxide thin film. Since this sludge checks epitaxial growth of other thin films to a crystalline oxide 
thin film top, m this invention, it is removed by the fluoric acid solution etc. before growth. 
[0028] In this way, according to the method, above-mentioned cause [ of a leakage current ] (1) - (4) is 
altogether removable in the structure row of this invention. Consequently, this invention can reduce the 
leakage current of a crystalline oxide thin film on the level of several figures compared with the 
conventional example so that it may mention later in the example. 

[0029] An improvement of the amount Qbd of net charge which shows the insulating disruptive strength 
BEox and TDDB life by this invention below is described. It is hard to say that dielectric breakdown of 
crystalline oxide thin films, such as Ce02 made into the object of this invention and YSZ and the 
mechanism of fatigue are in a research stage, and are fully solved. However, between field strength Eox 
the amount Qbd of net charge, and leakage-current J, it is admitted widely that there is strong positive ' 
correlation. This has suggested that the factor and the cause of a leakage current of determining Eox and 
Obd are common. Smce it can remove the cause of the leakage current of a crystalline oxide as 
mentioned above, this invention can remove this, dielectric breakdown concerned deeply, and the factor 
of fatigue, as a result, compared with the conventional example, is high in the insulating disruptive 
strength BEox, and can enlarge the amount Qbd of net charge 
[0030] " s " 

[Effect of the Invention] As explained above, in this invention, it writes in the composite-construction 
object of a crystalline oxide dielectric thin film and a single crystal Si substrate as the film which gave 
active oxygen annealing after growing up this crystalline dielectric thin film, and the effect that (1) 
leakage-current property in a crystalline dielectric film, (2) insulation disruptive strength, and (3) with- 
time dielectric-breakdown (TDDB) resistance are improvable is acquired 

[0031] Moreover, in this invention, the effect that the destruction and the malfunction of an electronic 
device which originated in the poor property of above-mentioned (1) - (3), and had been produced are 
cancelable is acquired by applying the composite-construction object by the above-mentioned this 
invention to an electronic device including the composite-construction object of a crystalline oxide 
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dielectric film and a single crystal Si substrate. 
[0032] 

[Embodiments of the Invention] The manufacture method of of the electronic device which includes the 
composite-construction object of the crystalline oxide dielectric thin film and single crystal Si substrate 
concerning this invention and this composite-construction object hereafter, and a composite-construction 
object and an electronic device is explained based on the gestalt and example of operation. 
[0033] (Gestalt of operation) Drawing 1 is the cross section showing the gestalt of 1 operation of the 
composite-construction object of the crystalline oxide dielectric thin film based on this invention, and a 
single crystal Si substrate. The single crystal Si substrate in which it sets to drawing 1 and 1 has die 
predetermined crystal faces, such as (100), (1 1 1), and a field (1 10), and 2 are the crystalline oxide 
dielectric thin film by which hetero-epitaxial growth was carried out on the Si substrate 1 in chemical 
vapor growths, such as physical vapor growths, such as an electron-beam-evaporation method, the ion 
beam sputtering method, a molecular beam epitaxy method, and the laser ablation method, and CVD, or 
a single crystal oxide dielectric thin film. Although the zirconia film (for example, YSZ film) stabilized 
by Y203, Sm203, CaO, etc., a cerium-oxide (Ce02) film, a strontium-titanate (SrTi03) film, a yttrium- 
oxide (Y203) film, a magnesium oxide (MgO), etc. are mentioned as a dielectric thin film applicable to 
this, if it is the oxide dielectric thin film by which is not limited to this and hetero-epitaxial growth is 
carried out at Si substrate, other thin films are sufficient. After the oxide dielectric thin film 2 grows up 
to be the Si substrate 1, a predetermined time and heat treatment are performed to it at the temperature of 
under 500 [**] from ordinary temperature in active oxygen atmosphere, such as the Si substrate 103, O 
(IP), O (ID) and 02 (ldeltag), and 02~. In this way, the composite-construction object based on this 
invention is completed. 

[0034] Below, the example of the manufacture method of this invention will also be collectively 
explained by showing the process which produces this, while showing the concrete example of the form 
of operation of the above-mentioned this invention composite-construction object. 
[0035] (Example 1) The concrete example of the beginning of the composite-construction object based 
on this invention is an example which builds the composite-construction object which consists of a 
single crystal Si substrate 1 of a field (100), and a single crystal ITTORIYA stabilized-zirconia (YSZ) 
thm film 2 of the epitaxially grown field (100) using a high-vacuum electron-beam-evaporation method 
and UV/02 active-oxygen annealing. UV means the ultraviolet rays as a generation means of active 
oxygen here, and 02 means the oxygen as a raw material of active oxygen. 

[0036] First, the surface contamination and surface natural oxidation object of the single crystal Si 
substrate 1 of a field (100) are removed by RCA washing (traditional Si substrate cleaning method 
which consists of washing by the mixed liquor of aqueous ammonia and hydrogen peroxide solution, 
and washing by the mixed liquor of a hydrochloric acid and hydrogen peroxide solution), and rare 
fluoric acid washing (cleaning method which carries out a rinse and which is dried with pure water after 
being immersed in HF solution of concentration for several 10 seconds 5%). 

[0037] The YSZ film which continues and contains Y203 [ about 13 mol % ] on the Si substrate 1 is 
formed by the high-vacuum electron-beam-evaporation method. A vacuum evaporationo machine is 
general-purpose high-vacuum type equipment marketed as the object for an experiment, or an object for 
mass production. The target of vacuum evaporationo is the YSZ tablet with a diameter [ of 15mm ], and 
a thickness of 7mm which carried out cutting about a single crystal YSZ (Y203 1 3-mol%) ingot. 
[0038] If the procedure of membrane formation is explained, an evaporation source will be filled up 
with a YSZ tablet, the washed Si substrate 1 will be installed in the substrate electrode holder of a 
vacuum evaporationo tub, and the inside of a vacuum evaporationo tub will be exhausted promptly. The 
substrate electrode holder has the capacity to heat a substrate to the temperature from ordinary 
temperature to 1000 [**], separated the distance of 30 [cm] and has opposed the source of vacuum 
evaporationo. Exhaust air of vacuum evaporationo equipment is powerful, and an internal pressure can 
be decompressed below to 10-9 [Torr]. If the pressure of a vacuum evaporationo tub amounts to 10-6 
[Torr], substrate temperature will be heated and it will be made predetermined membrane formation 
temperature. A high-speed electron beam is made bombardment [ in the place where temperature was 
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stabilized at and the pressure in a vacuum evaporationo tub fell below in 10-9 [Torr] / a tablet ], and a 
YSZ film is grown up into Si substrate by the growth rate of 0.2 [nm/min]. Growth is continued until it 
gathers a growth rate to 5 [nm/min] and becomes predetermined thickness, while introducing high grade 
dryness oxygen into a vacuum evaporationo tub from the exterior in the place where the thickness of 
YSZ became 3 [nm] in general and adjusting a pressure to 2x10-6 [Torr]. A growth rate controls and 
adjusts the emission current of hot cathode. (100) The typical membrane formation conditions from 
which the single crystal YSZ thin film of a field is obtained are as follows. 
[0039] 

YSZ membrane formation conditions Membrane formation pressure 

1x10-8 [Torr] (up to 3nm of thickness) 

2x10-6 [Torr] (from 3nm of thickness to 02 introduction) 

Membrane formation temperature 800 [**] (substrate temperature) 

Target Y203:ZrO 2= 13:87 Substrate distance 30cm Electron beam acceleration voltage The output of a 

vacuum evaporationo power supply is cut in the place where 8kV 

thickness became a desired value, and membrane formation is finished. Then, a substrate is annealed 
putting a substrate on a vacuum evaporationo tub, and after substrate temperature becomes sufficiently 
low, a substrate is taken out from a vacuum evaporationo tub. Thus, the deposited YSZ film was a single 
crystal epitaxial film which has fluorite structure (cubic). 

[0040] The composite-construction object of the YSZ thin film and single crystal Si which were 
explained above as a conventional example is completed at the process so far. However, with the 
composite-construction object based on this invention, an active oxygen annealing process is carried out 
after this. Although one of the active oxygen annealing and the example of UV/02 annealing explain 
here, other below-mentioned active oxygen annealing is sufficient. 

[0041] Drawing 2 is the typical important section cross section of the equipment used for annealing. In 
drawing 2 , the reactor with which, as for 1 1, water cooling of the side attachment wall is carried out, 
and 1 2 are the vacuum pumps for exhausting a reactor 1 1 , and can maintain the pressure of a reactor 1 1 
from an ordinary pressure before 10-6 [Torr]. 13 is a composite-construction object in front of 
annealing which grew up the single crystal YSZ thin film to be a single crystal Si substrate. 14 is a 
susceptor for supporting 13 and holding to predetermined temperature. The composite-construction 
object 13 is placed so that a YSZ film surface may be upwards suitable on a susceptor 14. 15 is the 
chemical cylinder filled up with oxygen 02 of 99.999% or more of purity. After 02 of a bomb is 
decompressed by ready **** 16 on the occasion of annealing by the pressure about 0.5 [kg/cm2], it is 
adjusted by the flow rate predetermined with the mass flow rate controller 17, and is led to a reactor 1 1 . 
18 is the dielectric barrier electric discharge excimer lamp with which xenon gas was enclosed, and can 
generate the ultraviolet radiation UV with the main powerful wavelength 172 [nm]. Incidence of the 
ultraviolet exciting line by which outgoing radiation was carried out is carried out to the reactor 1 1 
interior through the synthetic quartz aperture 19 from the excimer lamp 18. The exhaust air bulb which 
opens and closes the exhaust pipe arrangement with which 20 connects a vacuum pump 12 to a reactor 
1 1, and 21 are atmospheric-exhaust bulbs. In addition, the wavelength of the above-mentioned 
ultraviolet radiation is the value of the range which has the capacity which decomposes oxygen and is 
made into active oxygen, and needs to be less than 190nm generally. 

[0042] The following procedures perform UV/02 annealing. Opening of the exhaust air bulb 20 is 
carried out, and evacuation of the inside of a reactor 1 1 is immediately carried out at the same time it 
carries the composite-construction object 13 on the susceptor 14 currently heated by predetermined 
temperature and operates a vacuum pump 12. The exhaust air bulb 20 is embarrassed in the place where 
the internal pressure arrived at the base of 10-5 [Torr], a vacuum pump 12 is suspended, and high grade 
02 gas is introduced into a reactor 1 1 with the mass flow rate about 1000 [cc/min]. In the place where 
the internal pressure of a reactor turned into an ordinary pressure (= atmospheric pressure), opening of 
the atmospheric-exhaust bulb 21 is carried out, and 02 surplus gas introduced henceforth is discharged 
out of a reactor 1 1 with a predetermined mass flow rate. A reactor 1 1 is maintainable in the pure oxygen 
atmosphere of atmospheric pressure by carrying out like this. Outgoing radiation of the ultraviolet 
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exciting line is continuously carried out to the reactor 1 1 interior from the excimer lamp 18. The 
ultraviolet radiation of the 172 [run] wavelength which carried out incidence to the reactor 1 1 interior is 
strongly absorbed to 02 in a reactor 11, and the active oxygen which consists of 03, O (3P), O (ID), 02 
(ldeltag), etc. generates it as a result. In the place where the above preparation was completed, UV/02 
active-oxygen annealing is carried out predetermined time. Typical annealing conditions are shown 
below. 
[0043] 

Active oxygen annealing (UV/02) conditions Container pressure 

Atmospheric pressure Processing temperature 350 [**] 

Excitation intensity (synthetic quartz glass position) 13 [mW/cm2] (172 [nm]) 
02 flow rate 200 [cc/min] 
Processing time 15 [min] 

If annealing is completed, the outgoing radiation of the excimer lamp 18 

and introduction of a high grade 02 will be stopped, and the composite-construction object 13 will be 
taken out immediately. In this way, UV/02 annealing finishes and the composite-construction object of 
the crystalline oxide dielectric thin film of this invention and a single crystal Si substrate is completed. 
[0044] In addition, the above-mentioned processing temperature (annealing temperature) is made into 
the range from ordinary temperature to about about 500 degrees C, and its about 200-500 degrees C are 
especially desirable. According to the experimental result, active oxygen changes to usual oxygen at the 
elevated temperature of 500 degrees C or more, and annealing time becomes long below 200 degrees C. 
[0045] Next, it explains, making the effect of the example of this invention contrast with the survey data 
of the conventional example. The characteristic curve (b) of drawing 7 shows the leakage-current 
(current which flows on YSZ film) property which impressed and measured positive voltage in the MIS 
capacity which carried out the vacuum evaporationo of the aluminum gate electrode, and formed it on 
the YSZ film in the composite-construction object of the YSZ/Si substrate produced based on the above- 
mentioned example 1 . In addition, a characteristic curve (a) is the leak property (previous statement) of 
the composite-construction object by the conventional example. 

[0046] If (b) is compared with the characteristic curve (a) of drawing 7 , it turns out that the example of 
this invention is reducing the leakage current by 4 figures - 5 figures in general compared with the 
conventional example. If the property of Eox=l[MV/cm] is seen, in the example of this invention, the 
value below J= 1 [nA/cm2] is given to the conventional example being a current density J= 100 
[muA/cm2] base. 

[0047] Next, although it was BEox=l .5[MV/cm] in the conventional example according to measurement 
when its attention was paid to the insulating disruptive strength BEox, BEox=4.6[MV/cm] and 
improvement in 3 or more times were found in this invention example. 

[0048] moreover, the TDDB life when giving constant-current stress 0.1 [mA/cm2] - the conventional 
example — amount Qbdof net charge = - 1.2 [mC/cm2] — it was (previous statement) - receiving — the 
example of this invention — Qbd= — it is the value of 850 [mC/cm2] and the improvement of about 3 
figures was obtained 

[0049] From the above result, it is understood that this invention is very effective in reduction of (1) 
leakage current of the crystalline oxide thin film in the composite-construction object of a crystalline 
oxide thin film / Si substrate, improvement in (2) insulation disruptive strength, and impudence of (3) 
TDDB life. 

[0050] (Example 2) The 2nd concrete example of the composite-construction object based on this 
invention is an example which forms the composite-construction object which consists of a single 
crystal Si substrate of a field (100), and a single crystal cerium-oxide (Ce02) thin film 2 of the field 
(1 10) grown epitaxially using a high-vacuum electron-beam-evaporation method and UV/03 active- 
oxygen annealing. "/03" means the oxygen as a raw material containing 8% of ozone 03 here. 
[0051] First, n type the surface contamination and surface natural oxidation object of a single crystal Si 
substrate of a field (100) are removed by RCA washing and rare fluoric acid washing. PITAKISHARU 
growth of the Ce02 thin film is continuously carried out by the high-vacuum electron-beam-evaporation 
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method on Si substrate. A vacuum evaporationo machine uses the same thing as the equipment used by 
the aforementioned YSZ growth. A vacuum evaporationo target is the tablet which fabricated and made 
Ce02 powder of 99.999% or more of purity with the hotpress the form of a diameter 15 [mm] and 
thickness 7 [mm]. An evaporation source is filled up with Ce02 tablet, Si substrate is installed in the 
substrate electrode holder of a vacuum evaporationo tub, and the inside of a vacuum evaporationo tub is 
exhausted. If the pressure of a vacuum evaporationo tub amounts to 10-6 [Torr], substrate temperature 
will be heated and it will be made predetermined membrane formation temperature. Temperature is 
stabilized, a high-speed electron beam is made bombardment [ in the place where tub internal pressure 
fell below in 10-9 [Torr] / a tablet ], and Ce02 film is grown up by the growth rate of 0.4 [nm/min]. 
Growth is continued until it gathers a growth rate to 1.55 [nm/min] and becomes predetermined 
thickness, while introducing high grade dryness oxygen into a vacuum evaporationo tub in the place 
where thickness became 5 [nm] in general and adjusting a pressure to 8x10-6 [Torr]. A growth rate 
controls and adjusts the emission current of hot cathode. The typical membrane formation conditions 
from which single crystal Ce02 thin film of the above-mentioned (110) field is obtained are as follows 
[0052] 

(HO) Ce02 membrane-formation conditions of a field Membrane 

formation pressure Below 1x10-8 [Torr] (up to thickness 3 [nm]) 
8x10-6 [Torr] (from thickness 3 [nm] to 02 introduction) 
Growth temperature 800 [**] (substrate temperature) 

Target 99.999% Ce02 of purity tablet Substrate distance 30cm Electron beam acceleration voltage The 
output of a vacuum evaporationo power supply is cut in the place which became the thickness of a 8kV - 

request, and membrane formation is finished. Thus, Ce02 deposited film 

was a single crystal epitaxial film of a field which has fluorite structure (cubic) (1 10). It is also possible 
to obtain single crystal Ce02 film of the field where the directions of orientation incidentally differ on 
Si substrate of the same (100) field (1 1 1). In this case, growth temperature is set to 600 [**] in the 
above-mentioned growth conditions. The conventional example is completed in this stage. With the 
composite-construction object based on this invention, an active oxygen annealing "UV/03 annealing" 
process is carried out after this. 

[0053] Drawing 3 is the typical important section cross section of the equipment used for annealing. 
Since the function and composition of the part which attached the same number as drawing 2 are the 
same as drawing 2 , redundancy is avoided and explanation is omitted. In drawing 3 , 31 is Ce02 / Si 
composite-construction object on the way of a process. The silent-discharge type ozonator 32 is installed 
between ready **** 16 and the mass flowmeter 17. This ozonator 32 can generate 03 [ eight mol % ] 
for oxygen in a raw material. 33 is a low-pressure mercury lamp and can generate ultraviolet radiation 
with wavelength 185 [nm] and the bright line strong against 254 [nm]. Incidence of the ultraviolet 
exciting line by which outgoing radiation was carried out is carried out to the reactor 1 1 interior through 
the synthetic quartz aperture 19 from a low-pressure mercury lamp 33. 

[0054] The procedure of UV/03 annealing is almost the same as the UV/02 above-mentioned 
annealing. That is, the structure 31 is carried on the susceptor 14 of predetermined temperature, and 
evacuation of the inside of a reactor 1 1 is carried out immediately. The exhaust air bulb 20 is 
embarrassed in the place where the pressure of the reactor 1 1 interior arrived at the base of 10-5 [Torr], 
a vacuum pump 12 is suspended, and high grade 02 gas is introduced into a reactor 1 1 with the mass 
flow rate about 1000 [cc/min]. High grade 02 gas which an ozonator 32 is operated and contains 8% of 
03 in the place where the internal pressure of a reactor 1 1 turned into an ordinary pressure (= 
atmospheric pressure) at the same time it carries out opening of the atmospheric-exhaust bulb 21 is 
introduced into a reactor 11. Between is not kept but outgoing radiation of the ultraviolet exciting line is 
carried out to the reactor 1 1 interior from a low-pressure mercury lamp 33. The ultraviolet radiation of 
254 [nm] which carried out incidence to the reactor 1 1 interior photodissociates 03 in a vessel and the 
active oxygen which consists of O (ID), 02 (ldeltag), O (3P), etc. besides 03 generates it as a result. In 
this way, UV/03 active-oxygen annealing is carried out predetermined time. The typical annealing 
conditions are as follows. 
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[0055] 

Active oxygen annealing (UV/03) conditions Container pressure 

Atmospheric pressure Processing temperature 400 [**] 

Excitation intensity (synthetic quartz glass position) 20 [mW/cm2] (254 [nm]) 
02 flow rate 200 [cc/min] 
Processing time 60 [min] 

If annealing is completed, the outgoing radiation of a low-pressure 

mercury lamp 33, the operation of an ozonator 32, and introduction of a high grade 02 will be stopped, 
and a composite-construction object will be taken out immediately. In this way, the composite- 
construction object of the crystalline oxide dielectric thin film and single crystal Si substrate by this 
invention is completed. 

[0056] Next, the effect of this example 2 is explained. The following table 1 is a table which compared 
the TDDB life (the amount Qbd of net charge) when giving leakage-current JL in the field strength 1 
[MV/cm] of Ce02 thin film (20 [nm]) of the Ce02/Si composite-construction object based on the 
conventional example, the insulating disruptive strength BEox, and a constant current 0. 1 [mA/cm2] to 
this example 2 row. 
[0057] 
[Table 1] 
(Si) 

CeO,/S i 4E£Wa*®ttatttt0Jt*g 





[n A/cm 2 ] 


BEox 
[MV/cm] 


S8«iQb d 

[mC/cm 1 ] 




0.4 5 


5. 1 


18 0 0 




3 5 0 0 


1 . 4 


12.4 



[0058] The electrical property of the above-mentioned table 1 impressed and measured positive voltage 
in MIS capacity (aluminum gate) like the aforementioned example 1 . As [ from Table 1 ] the Ming kana, 
the example 2 of this invention reduces a leakage current JL by 4 figures in general compared with the 
conventional example, and is raising the insulating disruptive strength BEox 3.5 times. Furthermore, the 
amount Qbd of net charge corresponding to a TDDB life was put on two 1 C/cm, and it succeeded in 
raising a TDDB life by 2 figures conventionally. That it is effective for the leakage current of the 
crystalline oxide thin film in the composite-construction object of a crystalline oxide thin film / Si 
substrate or an improvement of an insulating disruptive strength and a TDDB life has the clear example 
2 of the above result to this invention. 

[0059] In addition, in the above-mentioned active oxygen annealing, it is also possible to transpose to 
annealing which does not use UV, i.e., 03 annealing. Since 03 annealing also produces active oxygen, 
it is effective. Although the composition of a thermal treatment equipment becomes easy from UV/03, 
compared with the time of heat treatment time using UV, it is extended a double-precision grade. 
Moreover, other active oxygen annealing methods of the above-mentioned example or the below- 
mentioned example can be used. 

[0060] (Example 3) The 3rd concrete example of the composite-construction object based on this 
invention is an example which forms the composite-construction object which consists of a single 
crystal Si substrate 1 of a field (100), and a single crystal strontium-titanate (SrTi03) thin film 2 of a 
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field (001) by the laser ablation vacuum deposition and plasma/02 annealing. 

[0061] After removing n type the surface contamination and surface natural oxidation object of a single 
crystal Si substrate of a field (100) by RCA washing and rare fluoric acid washing, SrTi03 thin film is 
grown up in a high-vacuum laser ablation vacuum deposition on Si substrate. A vacuum evaporationo 
machine is a general aviation equipped with two switchable sources of vacuum evaporationo in the 
vacuum. Each source of vacuum evaporationo is filled up with the SrO tablet and SrTi03 tablet which 
operated the powder of 99.999% or more of purity orthopedically in the shape of a disk (lOphi, lOt) with 
the hotpress. 

[0062] If the procedure of growth is explained, the Si substrate 1 immediately after the aforementioned 
washing will be installed in the substrate electrode holder in a vacuum evaporationo tub, and the inside 
of a vacuum evaporationo tub will be exhausted. This electrode holder has the capacity to heat a 
substrate to the temperature from ordinary temperature to 800 [**], and has opposed on both sides of the 
distance of about 5 [cm] from the tablet. Exhaust air of vacuum evaporationo equipment is powerful, 
and an internal pressure can lower back pressure to below 10-9 [Torr]. A substrate electrode holder is 
heated in the place where the pressure of a vacuum evaporationo tub amounted to 10-8 [Torr], and it is 
made predetermined growth temperature. The preparations which use the 1st evaporation source with 
which SrO will be filled up by the time temperature is stabilized are made. 
[0063] Turn on the output of a laser light source in the place where the pressure in a vacuum 
evaporationo tub fell below in 10-8 [Torr], a high-density laser beam is made bombardment [ a tablet ], 
and growth of a very thin SrO buffer film is started. The laser of this example is a KrF (wavelength [ of 
248nm ], 20ns of pulse width) excimer laser. Repeat frequency was 10 [Hz] and the energy density was 
1 .0 [J/cm3]. The thickness of a SrO buffer film suspends the output of laser by ****** set to 6 [nm], and 
stops growth. While changing an evaporation source to the 2nd evaporation source in which SrTi03 
tablet is stored immediately, the temperature of a substrate electrode holder is changed into the 
predetermined temperature suitable for SrTi03 growth. In the place by which temperature was 
stabilized, high grade oxygen is introduced from the exterior, a pressure is set to 5x10-5 [Torr], the 
output of laser is turned on again, and SrTi03 film is grown up shortly. Dispatch of a laser light source 
is stopped in the place where thickness became a desired value, introduction of 02 is stopped, and a 
substrate is annealed. It is as follows when an example of the growth conditions from which SrTi03 
film of a single crystal (001) side is obtained is summarized. 
[0064] 

Growth conditions of a SrO buffer film Growth pressure Below 1x10-8 

[Torr] Growth temperature 800 [**] (substrate temperature) 

Tablet- substrate distance 5 [cm] 

Laser light source KrF excimer laser (energy 130m J) 

Excitation pulse 20ns of width of face, repeat frequency 10Hz Growth 

conditions of SrTi03 film Growth pressure 5x10-5 [Torr] (99.999% oxygen introduction) 
Growth temperature 600 [**] (substrate temperature) 

Other conditions take out a substrate from a vacuum evaporationo tub, after the same 

substrate temperature as upper SrO becomes sufficiently low. the SrO layer of 6 [nm] 

formed first disappears in process in which SrTi03 next film is grown up (it is thought that it 
deteriorated on SrTi03 film) — it is ~ the film formed in this way is single crystal SrTi03 monolayer as 
a matter of fact 

[0065] The conventional example is completion with the composition of this stage. With the composite- 
construction object based on this invention, active oxygen annealing is performed after this. Although 
the UV/02 above-mentioned annealing and UV/03 annealing are also possible, the example of 
f, plasma/02 annealing" is introduced here. 

[0066] Drawing 4 is the typical important section cross section of the equipment used for plasma/02 
annealing. In drawin g 4 , the reactor with which, as for 41, water cooling of the side attachment wall is 
carried out, and 42 are the vacuum pumps for exhausting a reactor 41, and can maintain the pressure of a 
reactor 41 from an ordinary pressure before 10-6 [Torr]. 43 is a composite-construction object in front 
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of annealing. 44 is the susceptor equipped with a heating means to support the composite-construction 
object 43 and to hold to predetermined temperature. This susceptor 44 is grounded electrically. The 
composite-construction object 43 is put on a susceptor 44 so that SrTi03 film surface may be upwards 
suitable. The power electrode 45 is placed so that a susceptor 44 may be opposed. The power electrode 
45 is electrically connected to RF generator 48 (for example, frequency of 13.56MHz) besides a vessel 
through the blocking capacity 46 and the adjustment machine 47. 49 is the chemical cylinder filled up 
with oxygen 02 of 99.999% or more of purity. After 49 chemical cylinder02 is decompressed by ready 
**** 50 by the pressure about 0.5 [kg/cm2], it is adjusted by the flow rate predetermined with the mass 
flow rate controller 51, and is led to a reactor 41 . The exhaust air bulb which opens and closes the 
exhaust pipe arrangement with which 52 connects a vacuum pump 42 to a reactor 41, and 53 are 
pressure-control bulbs which control the pressure of a reactor uniformly. 

[0067] The procedure of plasma/02 annealing is as follows. Opening of the exhaust air bulb 52 is 
carried out, and evacuation of the inside of a reactor 41 is immediately carried out at the same time it 
carries the composite-construction object 43 before processing on the susceptor 44 currently heated by 
predetermined temperature and operates a vacuum pump 42. While introducing high grade 02 gas into a 
reactor 41 with a predetermined mass flow rate in the place where the pressure of the reactor 41 interior 
arrived at the base of 10-5 [Torr], the pressure-control bulb 53 is operated, and the internal pressure of a 
reactor 41 is adjusted to a predetermined value. After waiting until internal pressure and susceptor 
temperature are stabilized, turn on the output of RF generator 48, electric discharge is made to cause 
between a susceptor 44 and the power electrode 45, and annealing is started. If electric discharge takes 
place, the active oxygen which consists of 03, O (3P), O (ID), 02 (ldeltag), etc. will occur. In the place 
where the above preparation was completed, UV/02 active-oxygen annealing is carried out 
predetermined time. Typical annealing conditions are shown below. 
[0068] 

Active oxygen annealing (plasma/02) conditions Container pressure 3 

[mTorr] 

Processing temperature 400 [**] 
Susceptor-power inter-electrode distance 30 [cm] 
02 flow rate 1 [cc/min] 
RF power 100 [W] 
Processing time 20 [min] 

Annealing will be ended if predetermined time passes. That is, a RF 

output is suspended, the operation of the pressure-control bulb 53 is stopped, the exhaust air bulb 52 is 
closed, a vacuum pump 42 is suspended, air is introduced into a reactor 41, air opening is carried out, 
and the composite-construction object 43 is taken out out of a vessel. Such is carried out and the 
composite-construction object of single crystal SrTi03 film and a single crystal Si substrate is 
completed. 

[0069] Next, the effect of the example 3 of this invention is explained. The following table 2 is a table 
which measured the amount Qbd of net charge when giving leakage-current JL in the field strength 1 
[MV/cm] of SrTi03 thin film (40nm), the insulating disruptive strength BEox, and a constant current 
0.1 [mA/cm2] with the example 3 row in the SrTi03/Si composite-construction object based on the 
conventional example. 
[0070] 
[Table 2] 
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(SI2) 





[n A/cm 1 ] 


[MV/cm] 


[mC/cffl 1 ] 




0.089 


4. 9 


13 5 0 




2 2 0 


2.3 


8. 1 



[0071] The electrical property of Table 2 impressed and measured positive voltage in MIS capacity 
(aluminum gate) like the aforementioned example. As shown in Table 2, in an example 3, compared 
with the conventional example, a leakage current XL is reduced 3 -figure strength, and the insulating 
disruptive strength BEox is raised to double precision. Furthermore, the amount Qbd of net charge 
corresponding to a TDDB life was increased by 3 figures, and it succeeded in putting Qbd on the base of 
1 [C/cm2]. It is shown that the above result is the technology which the example 3 of this invention can 
greatly contribute to the leakage current of a crystalline oxide thin film and the improvement of 
reliability in the composite-construction object of a crystalline oxide thin film / Si substrate. 
[0072] the effect of improving the leakage current and reliability of a crystalline oxide thin film of such 
a composite-construction object is an effect of appearing equally also to other single crystal oxide thin 
films and stacking-tendency oxide thin films which are not limited to the YSZ film explained in the 
concrete example to here, Ce02 film, and SrTi03 film, and were grown up into Si single crystal 
substrate, and the scope of this invention is wide However, the optimum conditions of active oxygen 
annealing differ according to the target composite-construction object. 

[0073] Moreover, on account of explanation, although all were made into the monolayer, as for the 
composition of a crystalline oxide thin film, an improvement effect with the same said of the cascade 
screen of a film of a different kind is acquired. For example, the remarkable leak mitigation effect, an 
insulating disruptive strength, and a TDDB resistance improvement effect show up also with the 
Ce02/SrTi03/Si composite-construction object which carried out the laminating of the Ce02 single- 
crystal film of a field (001), and the SrTi03 single-crystal film of a field (001). 
[0074] Next, the example which applied this invention to the electronic device is explained. 
(Example 4) this example is an example which applied information-separator composite-construction 
object shown in aforementioned drawing 1 to the MFIS type nonvolatile memory cell. 
[0075] Drawing 5 is the typical structure section view of a MFIS type nonvolatile random access 
memory cell. Although this cellular structure is the same as the conventional cellular structure 
apparently explained by aforementioned drawing 8 , the places whose crystalline oxide dielectric thin 
films I are films to which active oxygen annealing was given differ greatly. In drawing 5 , the place in 
which 61 is the single crystal Si substrate of a p type field (100) and the thick field oxide film by which 
62 was alternatively formed on Si substrate, and this field oxide film 62 is not formed is the MORT field 
63. The memory cell is formed in this MORT field 63. 64 is the single crystal oxide dielectric film by 
which hetero-epitaxial growth was carried out to the MORT field (I), for example, (100), the YSZ film 
of a field, and is the film to which active oxygen annealing was given by the time the element was 
completed. On the single crystal oxide dielectric film 64, the ferroelectric film 65, for example, (001), 
PbTi03 film of a field, and the gate electrode 66, for example, Pt electrode, are. The ferroelectric film 
65 is carrying out hetero-epitaxial growth on the crystalline oxide dielectric thin film 64. 67 and 68 are n 
type impurities, for example, the source electrode and drain electrode by which P and As are doped by 
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high concentration. 

[0076] Next, if the main point of the manufacturing process of this element is explained briefly, after 
removing the contamination of the front face of the single crystal Si substrate of a p type field (100) by 
RCA washing first, the thermal oxidation film of 40 [nm] will be formed in the front face of Si substrate 
by the oxidizing [ thermally ] method, and Si3N4 film (it is written as a SiN film below) of 150 [nm] 
will be further formed by the LPCVD method on it. It continues, leaves the portion equivalent to the 
MORT field using phot lithography and the plasma etching method, and a SiN film (and thermal 
oxidation film) is removed. Next, after exfoliating and carrying out RCA washing of the resist again, the 
field oxide film of 400 [nm] is formed by the oxidizing [ thermally ] method (LOCOS oxidization). At 
this time, since an oxide film does not grow up to be the portion in which the SiN film is formed, the 
MORT field is also formed in it together with a field oxide film. Then, heat phosphoric acid removes a 
SiN film. 

[0077] It continues and the YSZ film of a single crystal (001) side is grown up to be the MORT field. 
After removing the contamination and natural oxidation film of the MORT field by RCA washing and 
cleaning with diluted hydrofluoric acid, the YSZ film which contains Y203 [ about 13 mol % ] all over 
a substrate is grown up in a 20[nm] high truth atmospherics beam vacuum deposition. Since the example 
of the above-mentioned composite-construction object explained this membrane formation, explanation 
is not repeated here. After growth of a YSZ film finishes, a substrate is made immersed in the rare 
fluoric acid of concentration for about 10 seconds 1%, and by ultrapure water, a rinse is carried out and 
it dries. 

[0078] In the place which washing by rare fluoric acid finished, the single crystal PbTi03 of a field 
(001) is grown up using the MOCVD (organic-metal vapor growth) method* The raw materials to be 
used are the tetraethyl lead [Pb (C2H5)4], and tetraisopropoxy titanium [Ti (i-OC3H7)4] and dryness 
oxygen (02). Front 2 persons are liquids in an ordinary temperature ordinary pressure, evaporate all 
with a carburetor and convey them to a reactor by dryness Ar carrier gas. Growth equipment uses not 
special equipment but a general aviation. The typical membrane formation conditions are as follows. 
[0079] 

(001) MOCVD growth conditions of the single crystal PbTi03 of a field 

Growth pressure 6 [Torr] 

Growth temperature 640 [**] (substrate temperature) 

Field Charge Pb (C2H5)4, Ti (i-OC3H7)4, 02 Evaporation temperature -15 degrees C [Pb (C2H5)4] 
25 degrees C [Ti (i-OC3H7)4] 

A quantity of gas flow 02 100 cc/min Pb raw material carrier (Ar) 25 cc/min Ti raw material carrier 

(Ar) 22 cc/min Ar dilution 200cc/min a degree — active oxygen annealing, 

for example, UV/03 annealing, — predetermined time operation — it carries out detailed explanation of 
UV/03 annealing is already described — it comes out and omits The leakage-current property of not 
only a YSZ film but the three or so PbTiO(s) dielectric film which grew previously, and an insulating 
disruptive strength and TDDB resistance are simultaneously improvable with this active oxygen 
annealing. In addition, even if it performs active oxygen annealing immediately after YSZ film 
formation, although it is good of course, an improvement of the electrical property of a ferroelectric film 
cannot be desired in this case. 

[0080] If growth of a ferroelectric film is ended, next, complete membrane formation of the gate 
electrode material Pt, for example, platinum, will be performed. Membrane formation of Pt uses the 
general-purpose DC magnetron sputtering method. As an electrode material, Pt target more than 99.99% 
purity and thickness are 100 [nm] **. The typical sputtering membrane formation conditions of Pt are as 
follows. 
[0081] 

DC MAKUNE TRON sputtering conditions of Pt Membrane formation 

pressure 3 [mTorr] 

Membrane formation temperature 400 [**] (substrate temperature) 

Field Charge 99.99%Pt target Spatter gas Ar Target-substrate distance 30 [cm] 
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DC power 150 [W] 

if membrane formation of Pt ends, Pt gate electrode will be formed using 

a photolithography and Ar sputter-etching technology The resist which etching of Pt ended is left as it is, 
and reactive ion etching of PbTi03 film and a YSZ film is performed continuously. Etching gas is the 
mixed gas of CF4 and 02. If etching of a YSZ film is completed, a resist will be made to ash, it will 
remove and the dust on the front face of a substrate will be removed by ultrasonic cleaning using the 
organic solvent. 

[0082] It continues and the ion implantation of the P is carried out all over a substrate. The portion 
except the gate electrode of the MORT field, i.e., the source, and a drain field are poured into Si 
substrate. Acceleration voltage is 100 [keV] and a dose is 5x1015 [an individual / cm2]. If an ion 
implantation is completed, activation of the source and the pouring impurity of a drain will be performed 
using rapid heat treatment (RTA) equipment. Heat treatment temperature is 1200 [**] and heat treatment 
time is 30 seconds. Thus, a MFIS type ferroelectric memory cell is completed. 

[0083] (Example 5) Other examples of an electronic device are examples in which the MOS transistor 
was formed on the SOI substrate which used information- separator composite-construction object of the 
aforementioned this invention. Drawing 6 is the typical structure section view of the MOS transistor of 
SOI structure. The places whose crystalline oxide dielectric thin films pinched between Si epitaxial film 
and Si single crystal substrate are films to which active oxygen annealing was given although this 
structure is the same as the structure of the conventional example where it explained by drawing 9 , 
seemingly differ greatly. 

[0084] In drawing 6 , it is the film to which active oxygen annealing was given by the time the single 
crystal Si substrate of the field (100) of n form where the impurity dope of 71 was carried out at high 
concentration, and 72 are the single crystal oxide dielectric films by which hetero-epitaxial growth was 
carried out on the Si substrate 71 (I), for example, (100), the YSZ film of a field, and the element 
completed them. 73 is n form which carried out hetero-epitaxial growth on the YSZ film 72, or the 
single crystal Si film of the comparatively thick (100) field of p form. The thick field oxide film by 
which 74 was formed on the single crystal Si film 73, and 75 are the MORT fields. 76 in the MORT 
field 75 is the poly silicon-gate electrode, and the Si02 thermal-oxidation film (gate oxide film) 77 is 
formed between this and the single crystal Si film 73. Moreover, 78 and 79 are the source electrodes and 
drain electrodes by which p form or the impurity of n form is doped by high concentration. 
[0085] If the main point of a manufacturing process is explained briefly, a front face will be first made 
pure for the single crystal Si substrate 61 of the field (100) of n form doped by high concentration by 
RCA washing and rare fluoric acid washing, and the YSZ film of a field (001) will be grown up all over 
the in 150 [nm] and the already explained high truth atmospherics beam vacuum deposition. Active 
oxygen annealing explained to this information-separator composite-construction object above, for 
example, plasma/02 annealing, is given a little longer after growth. Then, a substrate is made immersed 
in the rare fluoric acid of concentration for about 10 seconds 1%, and by ultrapure water, a rinse is 
carried out and it dries. The front face of the YSZ film 72 of a field (100) is continuously grown 
epitaxially by the ordinary-pressure CVD of common knowledge of the single crystal Si of a field (100) 
with a thickness of 2 micrometers. Raw materials are SiC14 and H2. Thus, the SOI substrate of a low 
leakage current and high dielectric-breakdown resistance is made. 

[0086] Next, the 3x1013 [individual / cm2] ion implantation of the impurity B of p form is carried out 
all over an epitaxial Si film, and a substrate front face is made pure by RCA washing. The field oxide 
film 74 and the MORT field 75 are formed by the completely same LOCOS oxidation style as the 
above-mentioned example. While passing through a LOCOS oxidization process, in an epitaxial Si film, 
B impurity which carried out the ion implantation previously is diffused widely, and is activated. 
[0087] After continuing, growing up the thin Si02 thermal-oxidation film 77 (thickness 20 [nm]) which 
oxidizes a substrate thermally and turns into a gate oxide film to the MORT field and depositing the 
polysilicon contest film of thickness 300 [nm] by the LPCVD method on this further, as shown in 
drawing 6 , the poly silicon-gate electrode 76 is formed using a photolithography and reactive ion 
etching. 
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[0088] After removing a resist, the ion implantation of the P is carried out to a substrate front face. It is 
the portion except the gate electrode of the MORT field, i.e., the source, and a drain field that B is 
driven into an epitaxial Si film by this pouring. B is simultaneously driven also into the poly silicon-gate 
electrode. Acceleration voltage is 100 [keV] and a dose is 5x1015 [an individual / cm2]. 
[0089] In order to activate the impurity of the source electrode 78, the drain electrode 79, and the gate 
electrode 76 after making a substrate front face pure by RCA washing if an ion implantation is 
completed, the drive-in of 2 hours is performed within the diffusion furnace heated to 1 120 [**]. Thus, 
the MOS transistor using the SOI substrate based on this invention is completed. 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] Generally the single crystal film has the feature that many physical 
properties flat in crystal structure and peculiar to the material, such as eye a uniform hatchet, 
conductivity, a dielectric, insulation, a ferroelectricity, superconductivity nature, a semiconductor 
property, light-transmission nature, optical magnetic properties, and crystal periodicity, appear keenly 
strongly, compared with the amorphous film or the polycrystal film. Therefore, it is useful in various 
industrial fields, and the realization is desired strongly. In recent years, these single crystal film is loaded 
into Si semiconductor device or an integrated circuit, and the attempt which is going to realize the high 
integrated circuit and high smart device of the added value which cannot be attained only with the 
conventional Si system material is performed actively, and is come and required. Basic structure 
indispensable when such a new Si semiconductor device is constituted is the composite-construction 
object (the following information-separator structure and abbreviated name) of a crystalline dielectric 
thin film (I) and a single crystal Si (S). 

[0003] When an example is given, there is a MFIS type nonvolatile random access memory cell as 
shown in the typical structure section view of drawing 8 . This cell replaces O portion of an MOS 
transistor which consists of a (Metal M)-silicon-oxide (O)-semiconductor (S) by the single crystal 
ferroelectric film (F) which has electrically the spontaneous polarization which can be reversed, and the 
single crystal dielectric film (I). 

[0004] In drawing 8 , it is the single crystal oxide dielectric film (I) by which 101 was carried out at the 
single crystal Si substrate of a p type field (100), and hetero-epitaxial growth of 102 was carried out on 
the Si substrate 101, for example, (100) is the YSZ film of a field. 103 is the ferroelectric film by which 
hetero-epitaxial growth was carried out on the single crystal oxide dielectric film 102, for example, 
(001) is PbTi03 film of a field. 104 is the gate electrode formed on the ferroelectric film 103, for 
example, is Pt electrode. 105 and 106 are n type source electrodes and drain electrodes, they carry out 
the ion implantation of P (Lynn) or the As (arsenic), respectively, make it activated by thermal diffusion, 
and are formed. 

[0005] By this memory, information is recorded by impressing a positive or negative pulse voltage 
between gate (electrode G)-Si substrates (Sub), carrying out reversal fixation of the spontaneous- 
polarization vector of a ferroelectric film, and making a transistor into a flow or non-switch-on. 
[0006] Moreover, as the above-mentioned ferroelectric layer, PbTi03 (lead titanate) film formed by the 
chemical vapor growth (CVD), the magnetron sputtering method, etc., Pb(Zrx, Ti 1-x) 03 (zircon lead 
titanate) film, 30Bi4Til2 (titanic-acid bismuth) film, etc. are examined (all are polarization shaft 
orientation single crystal films). 

[0007] Moreover, as the above-mentioned single crystal dielectric layer, Ce02 (cerium oxide) film 
formed by the electron-beam-evaporation method or CVD, a YSZ (ITTORIYA stabilization 
JIRUKONIYA) film, SrTi03 (strontium titanate) film, etc. are examined. These single crystal dielectric 
films are bearing a role of a buffer coat which prevents that function as a template layer for forming a 
single crystal ferroelectric film, and also Si substrate carries out counter diffusion to a ferroelectric. 
[0008] Moreover, MFMIS structure is also proposed by the nonvolatile random access memory cell 
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besides the above-mentioned MFIS structure. Single crystal F layer and M layers inserted between I 
layers of single crystals are here, the electric conduction films, for example, Pt film etc., of a single 
crystal etc. information-separator structure is used for the lower part of MFM structure also in this case. 
[0009] Next, the MOS transistor of the SOI structure shown in the typical structure section view of 
drawing 9 is also the important application of information-separator structure. The MOS transistor of 
this structure has the feature which should be mentioned especially that it can escape from a very 
detrimental latch up completely on operation. 

[0010] In drawing 9 , they are single crystal dielectric films, such as Ce02 by which hetero-epitaxial 
growth was carried out by 1 1 1 touching Si substrate of a field (100) and 1 12 touching this Si substrate 
111, YSZ, and SrTi03. This Si substrate 1 1 1 and the single crystal dielectric film 1 12 have constituted 
information-separator structure. The single crystal Si layer of the p type field (100) where hetero- 
epitaxial growth of 1 13 was carried out by CVD on the single crystal dielectric film 1 12, the Si02 gate 
oxide film in which 1 14 was formed by thermal oxidation of the single crystal Si layer 113, and 115 are 
the gate electrodes of contest polysilicon formed by CVD and dry etching on the gate oxide film 114. 
116 and 1 17 are the source electrodes and drain electrodes of N type, they carry out the ion implantation 
of P (Lynn) or the As (arsenic), respectively, make it activated by thermal diffusion, and are formed. 
[001 1] Moreover, the oxide high-temperature superconductivity thin film wiring tried aiming at high 
speed processing of an integrated circuit also forms quality single crystal superconductor film (for 
example, YBa2Cu 307) wiring on information-separator structure. As I layers, YSZ and the single 
crystal cascade screen of Y203 are used, for example. 

[0012] Thus, it is understood that information-separator structure is the important basic structure for 
realizing various devices containing the functional thin film (a ferroelectric film, a semiconductor film, 
an electric conduction film, a superconductivity film, dielectric film) of a single crystal on a single 
crystal Si substrate. However, in the present condition, the problem that a low and (3) passage-of-time 
destructive (TDDB) life have short (2) disruptive strengths with large (1) leakage current is in I layers of 
single crystal oxide dielectric thin films, and it has been a serious obstacle at realization of the above 
highly efficient devices. 

[0013] The above-mentioned problem is explained in detail based on actual data. Drawing 7 is the 
leakage-current property view of a crystalline oxide dielectric thin film. It is that a characteristic curve 
(a) indicates the example of a property of the conventional single crystal YSZ film to be in drawing 7 . 
On the YSZ film of the field (100) which grew epitaxially Si substrate of an N type single crystal (100) 
side Leakage-current density J [A/cm2] which impressed and measured positive voltage to the gate 
electrode of the MIS capacity which formed and produced aluminum electrode (gate) of a diameter 200 
[mum] is shown as a function of field strength Eox [V/cm]. In addition, in order to remove an absorption 
current component, measurement of current is performed, after carrying out voltage impression and time 
passes enough. Moreover, thickness is 40 [run] and the forming-membranes method is an electron- 
beam-evaporation method here. The forming-membranes methods (vacuum evaporationo conditions 
etc.) are later mentioned in the example of this invention in the cleaning-method row of a substrate. 
[0014] The leakage current of the single crystal YSZ film of the conventional example is in a very high 
level so that the characteristic curve (a) of drawing 7 may be seen and may be known. Considering 
practical use, I want to suppress leakage-current density below to J= 1 [nA/cm2] at the time of field 
strength Eox=l[MV/cm], However, in the above-mentioned conventional example, this and the value 
which was greatly different widely are indicated to be the bases of J= 100 [muA/cm2]. Moreover, the 
current jump of A points in the characteristic curve (a) of drawing 7 shows that the YSZ film is carrying 
out dielectric breakdown on this voltage (Eox** 1 .5[M V/cm]). In order to apply to the above-mentioned 
MFIS nonvolatile memory cell etc., it is the value which cannot be said that this insulating disruptive 
strength is enough. 

[0015] It is indispensable conditions that there is long-term dielectric-breakdown (TDDB) resistance 
over power supply stress in I more layers. This resistance measures and evaluates the amount Qbd of net 
charge [C/cm2] which passed the film by the time it generally gave and carried out dielectric breakdown 
of the constant-current stress to the dielectric film. The typical TDDB life when giving the constant- 
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current stress of J= 0.1 [mA/cm2] to the above-mentioned single crystal YSZ film was Qbd=1.2 
[mC/cm2], respectively. This value is low comparable, if it compares with typical value Qbd-10[C/cm2] 
of thermal oxidation Si02 film used as gate oxide films, such as an MOS transistor. In order for power 
supply stress to apply a YSZ film to a comparatively strong MFIS nonvolatile memory cell etc., the 
TDDB life of the base of at least 0.1 [C/cm2] is required. 

[0016] Such a problem of I layers in information- separator structure is not having restricted to the single 
crystal YSZ film formed by the electron-beam-evaporation method, but is a problem by which the YSZ 
film produced by other single crystal oxide dielectric-materials film and other forming-membranes 
methods is also observed in common. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

rPrawing 11 The cross section showing the basic structure of the composite-construction obieet based on 
this invention. 

The cross section showing an example of the active oxygen annealer used by the 

manufacture method of this invention. 

J I The cross section showing other examples of the active oxygen annealer used by the 

manufacture method of this invention. 

The cross section showing other examples of the active oxygen annealer used by the 

J l The cross section showing the structure of a nonvolatile memory cell as an example of the 

electronic device of this invention. 

The cross section showing the structure which formed the MOS transistor on the SOI 

) I I I I I It 

j l The property view showing the leakage-current property of a crystalline oxide dielectric 

thin film. 

The cross section of an example of the nonvolatile memory cell based on the conventional 

electronic device structure. 

J I I 

device structure. 
[Description of Notations] 

1 — Single crystal Si substrate 2 — Crystalline oxide dielectric film 
11— Reactor 12 — Vacuum pump 

13 — YSZ/Si composite-construction object in front of annealing 

14 — Susceptor 15 — Oxygen cylinder 
16 — Ready **** 17 — Mass flowmeter 

18 — Dielectric barrier electric discharge excimer lamp 

19 — Synthetic quartz aperture 20 — Exhaust air bulb 

21 — Atmospheric-exhaust bulb 22 — Evacuation equipment 

31 — Before [ annealing ] Ce02/Si composite-construction object 

32 — Ozonator 33 — Low-pressure mercury lamp 
41 — Reactor 42 - Vacuum pump 

43 — Before [ annealing ] SrTi03/Si composite-construction object 

44 — Susceptor 45 — Power electrode 

46 — Blocking capacity 47 — Adjustment machine 
48 — RF generator 49 — Oxygen cylinder 
50 — Ready **** 51 — Mass flow rate controller 
52 — Exhaust air bulb 53 - Pressure-control bulb 
61 — Si substrate 62 — Field oxide film 
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63-- MORTf ield 64 S ingle c rystal dielec trie thin f 

65 F e rroe le ctric f ilm 66 Gate e le ctrode 

67 S ourc e e le ctrode 68 -- Drain e le ctrode 

71 Si substrate 72 S ingle c rystal dielec trie thin f 

73 S ingle c rystal S i film 74 F ield oxide f ilm 

75-- MORTf ield 76 The poly sil icon-gate ele ctrode 

77 Gate oxide film 78 S ourc e e le ctrode 

79 Drain e le ctrode 
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